The relatedness of several marine Synechococcus spp. was estimated by DNA hybridization. Strains isolated from various geographical locations and representing a diversity of DNA base compositions and phycobiliprotein profiles were compared by restriction fragment length polymorphisms for a number of genes. DNAs from two marine red algae and a cryptomonad alga (which exhibit a phycobiliprotein composition similar to that of the marine Synechococcus spp.) and Synechococcus strain PCC6301 (Anacystis nidulans) were also included in the comparison. Strains WH8008, WH8018, and WH7805 were shown to be very similar to one another, as were strains WH7802 and WH7803. Strains WH8110 and WH5701 were clearly unrelated to any of the other strains, and no marine Synechococcus isolate showed any similarity to the freshwater Synechococcus strain PCC6301 or the eucaryotic algae. The method is relatively straightforward and sensitive and uses a variety of basic molecular biology techniques. Its utility in ascertaining the genetic relatedness and diversity of marine Synechococcus spp. and possible extension to field studies are discussed.
cyanobacteria in the surface waters of most of the world's oceans (15, 34) has had important implications for the productivity of the marine environment. Capable of oxygenic photosynthesis and adapted for efficient harvesting of light in the seas, these organisms are significant contributors of fixed carbon and have hitherto gone largely unnoticed. Estimates of the primary productivity attributable to marine unicellular cyanobacteria vary from 10 to 60%, depending on their geographical location and depth in the water column (8, 12, 18, 25) . This communication is concerned with the degree of relatedness that exists between the members of a group of these important primary producers.
While physiologically similar, the cyanobacteria are an extremely diverse group of organisms both genetically and morphologically. The span in DNA base composition, 35 to 71 mol% G+C (13) , is almost as wide as that of the entire eubacterial kingdom (29 to 74 mol% G+C) (29) . Rippka et al. (30) placed in the genus Synechococcus all of the small, unicellular, sheathless cyanobacteria with ovoid-to-cylindrical cells that divide by binary transverse fission in a single plane. In a later attempt to classify the unicellular forms of cyanobacteria, Rippka and Cohen-Bazire (29) proposed three major subgroups based on the clustering of base compositions. The genus designation Cyanobacterium was proposed for the low-G+C cluster (39 to 43 mol% G+C), Synechococcus was proposed for the medium-G+C cluster (47 to 56 mol% G+C), and Cyanobium was proposed for the high-G+C cluster (66 to 71 mol% G+C). However, it must be noted that the DNA base compositions determined for 27 marine Synechococcus isolates span two of these G+C clusters (35) .
Isolation of marine Synechococcus spp. is difficult, since the organisms are sensitive to high light intensities and do not grow well on solid media. A second problem is that growth may be inhibited by Tris and impurities in agar, on glassware, and in the water used in medium preparation. * Scrupulous cleaning of all agar and glassware and use of deionized water in the preparation of all media are imperative. A substantial culture collection of marine Synechococcus spp. now exists at the Bigelow Laboratory, Boothbay Harbor, Maine, but the extent to which these organisms are truly representative of the natural population is not known. It seems probable that considerable variability exists between organisms isolated from widely separated areas. Although these clones probably encompass several genera, no analysis of genetic relatedness has been completed which would allow their assignment to distinct clusters.
Marine Synechococcus species differ from one another in ultrastructure, pigmentation, motility, and growth rates.
However, all open-ocean forms have intense red pigmentation due to phycoerythrin, a phycobiliprotein light-harvesting pigment of limited distribution in other unicellular cyanobacteria. Studies with four marine Synechococcus clones have shown the presence of two spectral types of phycoerythrin which are different from all other known phycoerythrins (1) . They contain a phycoerythrobilinlike chromophore, which appears to be characteristic of this group of marine cyanobacteria, and sometimes a phycourobilin (PUB) chromophore, which is also found in the P subunit of R-phycoerythrin from two macrophytic red algae, Gracilaria tikvahiae and Neoagardhiella bailyei (1) . It has also been shown that the carotenoid and phycobiliprotein profiles of Synechococcus WH7803 are different from those of other cyanobacteria and very similar to those of the red alga Porphyridium cruentum (4) . These observations lend credence to the endosymbiont hypothesis for the origin of red algal plastids from a cyanobacterial ancestor and suggest that the extant phycoerythrin-rich cyanobacteria (such as these marine Synechococcus spp.) are descendants of the original endosymbiont. The cryptomonad algae are also rich in phycoerythrin, and it has been suggested (37) that the most likely ancestor to the cryptomonad plastid is a primitive eucaryotic red alga in which chlorophyll c developed.
To determine whether the genetic arrangements of the plastids of these algae and their putative phycoerythrin-rich cyanobacterial cousins are similar, DNAs from the marine unicellular alga Porphyridium cruentum, the marine macroalga Palmaria palmata, and the marine cryptomonad alga Cryptomonas (I were included in the study. The relationship of the phycoerythrin-rich Synechococcus spp. to the phycocyanin-rich marine strain WH5701 and the freshwater Synechococcus strain PCC6301 was also investigated. Methods of clustering organisms which are based on comparisons of homologous macromolecules have proved reliable for other taxonomic groups. Dendrograms based on amino acid or nucleotide sequence comparisons of highly conserved proteins or nucleic acids have been constructed (31) . With the advent of rapid nucleotide sequencing techniques, comparisons of proteins such as cytochrome c, ferredoxin, and ribulose bisphosphate carboxylase have been largely superseded by those based on rRNA oligonucleotide catalogs (2, 38) , complete nucleotide sequences (32, 39) , and secondary structures (14, 19) . These methods, although highly sensitive, have the disadvantage of being time consuming and technically difficult. Estimates of relatedness based on hydroxylapatite binding of DNA-DNA hybrids (33) and filter binding of DNA-RNA hybrids (24) have been determined for other systems; however, as with the measurement of DNA base composition, these methods have limited sensitivity.
A good alternative is the use of restriction fragment length polymorphisms (RFLPs), which detect differences in the nucleotide sequence of DNA with technically simple methods. By judicious choice of the restriction endonucleases used to cleave the DNA in a reproducible, site-specific manner and of the hybridization probes used to identify specific genes in the fragmented DNA, it is possible to detect fine structure differences in the genomes of organisms, differences which may pass undetected in bulk DNA-DNA hybridization studies. Because the variation in restriction sites can occur outside the genes being probed (in less well-conserved regions), subtle differences may be detected which may not be present in the nucleotide sequence of the relatively well-conserved genes.
The RFLP method is relatively simple and uses basic molecular biology techniques. DNA is prepared from the organisms under investigation and digested with restriction endonucleases, and the fragments are separated electrophoretically on agarose gels. After Southern blotting of the DNA in the gels to nylon membranes, the DNA is probed by hybridization to radioactively labeled DNA that is specific for a given gene. The pattern of hybridizing fragments visible on an autoradiogram of the hybridized membrane is distinctive of each organism or group of related organisms.
Nylon membranes may be stripped of one probe and reprobed with different genes up to eight times, so that many different RFLPs may be studied from each restriction digest. As with any comparative method, as the number of scorable characters increases, so should the accuracy of the measured degree of similarity. In this study, five probes and seven restriction endonucleases were used to examine the relatedness of seven commonly studied marine Synechococcus clones.
MATERIALS AND METHODS Strains. The Synechococcus strains used in this study are shown in Table 1 . Synechococcus strains WH5701, WH7802, WH7803, WH7805, WH8008, WH8018, and WH8110 derive from the Woods Hole culture collection (Woods Hole Oceanographic Institution, Woods Hole, Mass.). Cultures were maintained in artificial seawater (40) supplemented with 1 ml of VA vitamins (6) per liter at 25°C. After an initial period of partial shading (24 h), the cultures were grown under continuous illumination of 20 to 30 microeinsteins m-2 s-1. Frozen cell pastes of WH7802, WH8008, WH7803, and WH7805 were kindly provided by John Waterbury (Woods Hole Oceanographic Institution) and Hilary Glover (Bigelow Laboratory).
Materials. All general chemicals and solvents were of analytical grade, and carbon-filtered, deionized water was used in all solutions and media. The compositions of TBE, SSC, SSPE, TE, and loading buffers are given in reference 20. Restriction endonucleases, the Klenow fragment, and [a-32P]dCTP (3,000 Ci/mmol) were from Amersham Corp. and were used as recommended by the manufacturer, except that 4 mM spermidine was incorporated into all restriction endonuclease incubations. Nylon membranes (Zeta-Probe) and hydroxylapatite (Bio-Gel HT) were from Bio-Rad Laboratories (Richmond, Calif.). Type I agarose (low electroendosmosis), low-melting-point agarose, RNase A, sarcosyl, and lysozyme were from Sigma Chemical Co. (St. Louis, Mo.). Pentamers for labeling probes, bacteriophage X DNA, and Sephadex G50 were from Pharmacia (Uppsala, Sweden). Proteinase K was from Boehringer (Mannheim, Federal Republic of Germany). Carnation brand skim milk powder was used for Bovine Lacto Transfer Technique Optimizer (BLOTTO) in hybridizations (see below). Fuji XR X-ray film and Cronex Lightning-Plus (Du Pont Co., Wilmington, Del.) intensifying screens were used for autoradiography, and films were processed with Kodak LX24 developer and FX40 fixer. A Polaroid MP4 camera with a Wratten 23A filter and type 665 film were used to photograph ethidium bromide-stained gels placed on a shortwave UV transilluminator. DNA preparation. DNA was isolated by gentle lysis of freshly grown mid-logarithmic-phase cells from a 1-liter GENETIC RELATEDNESS OF MARINE S YNECHOCOCCUS SPP. culture or from frozen cell pastes. Fresh cells were collected by centrifugation in a Beckman JAlO rotor for 10 min at 3,000 x g and 4°C. After being washed in 100 ml of 120 mM NaCl-10 mM Tris-1 mM EDTA (pH 8.0), the cells or thawed cell pastes were suspended in 20 ml of 25% (wt/vol) sucrose-10 mM Tris-1 mM EDTA (pH 8.0) to which 5 ml of 0.25 M EDTA (pH 8.0) and 0.3 ml of RNase A (10 mg/ml; boiled as described in reference 20) were added. After 50 min of incubation at 37°C, proteinase K was added to 50 jig/ml and the mixture was incubated at 65°C for 60 min.
Protein and cell debris were removed by two phenolchloroform-isoamyl alcohol (25:24:1) extractions and one chloroform-isoamyl alcohol (24:1) extraction (20) , taking care not to shear the DNA by excessive agitation. Cesium chloride (1 g/ml of lysate) and ethidium bromide (20 ,ul of a 10-mg/ml stock) were added, and the DNA was banded by equilibrium density centrifugation at (1.84 x 105) x g for 18 h and (6.62 x 104) x g for 2 h in a type 70 rotor (Beckman) at 20°C. The DNA band was collected by side puncture with a 16-gauge needle and extracted three times with isopropanol equilibrated with a saturated NaCl solution. The DNA was diluted twofold with water and precipitated by addition of 2 volumes of ethanol, incubation at -20°C for 2 h, and centrifugation at (1.2 x 104) x g for 30 min at 4°C. The DNA pellet was suspended in TE and precipitated a second time by addition of 0.5 volume of 7.5 M ammonium acetate and 0.56 volume of isopropanol (23) to enhance restrictability. The final precipitate was collected by centrifugation as described above and dissolved in TE to a final concentration of about 50 ,ug/ml. DNAs from the red alga Palmaria palmata and the cryptomonad alga Cryptomonas '1 were isolated in a similar manner, except that the tissue was first ground in a mortar and pestle with liquid nitrogen and broken Pasteur pipette tips to break the tough cell walls. About 5 g of tissue was suspended in 20 ml of lysis buffer (2% sarcosyl-100 mM NaCl-10 mM EDTA-20 mM Tris [pH 7.6]), proteinase K was added to 10 mg/ml, and the mixture was incubated at 37°C for 1 h with occasional gentle swirling. Cell debris was removed by centrifugation in a JA17 rotor (Beckman) for 10 min at 3,000 x g and 4°C. Organic extractions and cesium chloride density centrifugation were performed as described above.
Because of the high polysaccharide content of the red alga Porphyridium cruentum, an alternative purification procedure, based on batch binding of DNA to hydroxylapatite, was used. Cells (about 4 g) were alternately ground in 40 ml of lysis buffer (8 M urea-10 mM EDTA-1% sodium dodecyl sulfate (SDS)-0.24 M sodium phosphate [pH 7.0]) in liquid nitrogen and thawed four times. The lysate was extracted twice with phenol-chloroform-isoamyl alcohol and once with chloroform-isoamyl alcohol. It was then added to about 10 ml of hydroxylapatite equilibrated in 8 M urea-0.24 M sodium phosphate (pH 7.0), allowed to bind for 1 h, and then washed with 0.1 M sodium phosphate (pH 7.0) until the A230 of the supernatant fell to below 0.1 U. The DNA was eluted from the hydroxylapatite with 0.5 M sodium phosphate (pH 7.0) and then dialyzed exhaustively against TE at 4°C. After precipitation with ammonium acetate and isopropanol, the DNA was suspended in TE to a concentration of 50 pug/ml. DNA analysis. DNA (1 ,ug) was incubated with restriction endonuclease (about 10 U) in a final volume of 20 ,ul of the manufacturer-recommended buffer for at least 3 h at 37°C. Certain DNAs (e.g., that of strain WH7802) required overnight incubation with excess enzyme to achieve digestion. Reactions were terminated by incubation at 65°C for 10 min and addition of 5x loading buffer. Samples were loaded into wells of 0.7% agarose gels and electrophoresed in lx TBE containing 0.5 ,ug of ethidium bromide per ml for 6 h at 50 V. Lambda DNA digested with HindlIl was included on each gel for size markers. Gels were visualized by using shortwave UV light and photographed.
Preparatory to Southern transfer, the gels were soaked in 0.25 M HCI for 15 min, 1.5 M NaCI-0.5 M NaOH for 30 min, and 1 M ammonium acetate-0.02 M NaOH transfer buffer for 30 min (28) . The DNA was transferred to nylon membranes (presoaked in water and transfer buffer) for at least 4 h. The membranes were then rinsed in 2x SSC to remove any adhering agarose, air dried, and baked in vacuo at 80°C for 30 min. Probe preparation. The probes used in this study are shown in Table 2 . Inserts were purified from the vector by restriction endonuclease digestion followed by gel electrophoresis in 0.4% low-melting-point agarose and 1x TBE. The gel slice containing the insert was excised, water was added (1.5 ml/g of agarose), and the sample was boiled for 7 min and stored at -20°C. Samples containing 25 ng of DNA were labeled with 25 ,uCi of [_a-32P]dCTP by the oligonucleotide method of Feinberg and Vogelstein (10) . Probes were purified from unincorporated nucleotides by passage over a 1-ml column of Sephadex G50 (20) . DNA hybridization. Nylon membranes were prewashed in 0.1x SSC-0.5% SDS at 65°C for 1 h and prehybridized at 65°C for 4 h in a solution containing 1% SDS, 0.25% BLOTTO, and 6x SSPE. This waS removed and replaced with fresh solution to which 106 cpm of the purified probe per ml was added. Labeled bacteriophage lambda DNA was also added to identify the markers. Hybridizations were performed in heat-sealed bags for at least 12 h at 65°C. Filters were washed in 2 x SSC-0.1% SDS twice for 30 min each time and then checked for radioactivity with a Geiger counter. Washes in SSC of decreasing ionic strength and at increased temperatures were performed when necessary to remove background radioactivity. Autoradiography was conducted for 1 to 7 days at -70°C with intensifying screens. Filters were stripped of the probe by incubation at 65°C in 0.4 N NaOH for 30 min, followed by washing in 0.1 x SSC-0.5% SDS at 65°C for 60 min. New rounds of prehybridization and hybridization were then performed as described above. 
RESULTS
DNA preparation. The subtle differences in the pigmentation of the phycoerythrin-containing organisms used (Table  1) were readily observable in the coloration of the aqueous phase in the organic extractions. This varied from quite orange through red to purplish red. Chlorophyll a was extracted into the organic phase, whereas the phycobiliproteins and their chromophores are water soluble. They were eliminated only by centrifugation through cesium chloride. Alcohol precipitation of the lysate before this stage resulted in pink-colored preparations of DNA.
Methylation of DNA. Some of the DNA preparations proved refractory to restriction endonuclease digestion after purification from the cesium chloride gradient. To enhance the restrictability of the DNA, it was precipitated a second time with ammonium acetate and isopropanol. This and addition of spermidine to the reaction mixture improved digestion in most cases. However, the DNA from Synechococcus strains WH7802 and WH8110 could not be digested by a number of enzymes, including BamHI, EcoRI, EcoRV, and HindIII, even after prolonged incubation with excess enzyme. The possibility that the DNA is methylated was investigated by using the enzyme pairs MboI-Sau3AI and HpaII-MspI, which detect methylation at adenine and cytosine residues, respectively. MboI does not cut the sequence GATC if the A is methylated, whereas Sau3AI is insensitive to A methylation. Neither HpaII nor MspI cuts the sequence CCGG if the first C is methylated; however, MspI is insensitive to methylation of the second C, whereas HpaII is sensitive. There was no difference in the susceptibilities of any of the DNAs to MboI-Sau3AI (data not shown), but the DNAs of Synechococcus strains WH7802 and WH8110 showed marked resistance to both MspI and HpaII (Fig. 1) , showing that both cytosines of the CCGG recognition site are methylated. Thus, at least part of the inability to digest DNAs from these two organisms may be due to extensive cytosine methylation. The DNAs from the other organisms were digested to small fragments (less than 6.5 kilobases [kb]), causing a progressive increase in fluorescence from the top of the gel to the bottom. If more DNA had been loaded in each lane to better visualize the high-molecularweight bands, overloading would have occurred, causing curving of the bands and more intense fluorescence at the bottom of the gel (as in lanes 9 and 10) .
The banding patterns presented in Fig. 1 show the similarity of the DNAs from Synechococcus strains WH7805, WH8018, and WH8008 compared with that of the other strains. This gives a preliminary index of the similarity of the DNAs in this cluster of organisms. Similarities in banding patterns for other enzymes (see Fig. 3 ) indicate the same clustering, as well as a clustering of Synechococcus strains WH7802 and WH7803. To get a more accurate picture of relatedness, fine structure changes were investigated by using RFLPs.
RFLPs. Figure 2 shows autoradiograms from a series of membranes containing DNAs prepared from eight organisms which were digested with seven different restriction enzymes and probed with the psbA gene. The similarities in probing patterns among the different clusters are evident. Gels containing samples of all of the DNAs digested with a single enzyme (BglII, EcoRI, PstI, or XhoI) and transferred to nylon membranes were hybridized with a number of probes (Fig. 3) . Characteristic patterns shared by clusters of The ability of nylon membranes to be stripped and reprobed is demonstrated in Fig. 4 . The autoradiograms from one membrane containing DNA from Synechococcus strain WH8110 digested with seven restriction enzymes and probed successively with cpeB, rbcL, psbA, and rRNA genes are shown. No signal remaining from the previous hybridization is evident on any of the membranes, demonstrating the efficiency of probe removal. This feature of the protocol means that more efficient use is made of investigator time, supplies, and the (sometimes limiting) amount of the DNA sample. Furthermore, reuse of the membranes allows one to check the size of the bands relative to one another by overlaying the autoradiograms from different probings. organisms are readily apparent and; 3. The intense band in the lanes Porphyridium cruentum is a stabli molecules have been noted in DNA The method described above has shown utility in demonstrating genetic relatedness among isolates of marine Syne-rRNA chococcus strains which, by other criteria, could have been thought of as quite different. Strains WH7802 and WH7803, although having similar but not identical phycobiliprotein profiles, have markedly different G+C ratios (35) . However, most of the RFLP data group them together. Strains WH8008, WH8018, and WH7805, although isolated from 12 3 4 , 6 7^gl X three distinctly different geographical locations and having very different G+C ratios, also appear closely related on the basis of RFLP data. Strains WH7805 and WH8018 also have identical phycoerythrin subunit compositions (1). The two coastal strains, WH8018 and WH8110, isolated from opposite hemispheres are completely different from one another.
Finally, all of the strains are different from phycocyanin-rich strain WH5701 and Synechococcus strain PCC6301 (Anacystis nidulans), the extensively studied freshwater unicellular cyanobacterium. Not only are there differences in RFLP patterns among the isolates studied, but there is a difference in the degree of methylation of the genome. This is not a unique phenomenon 1 3 4 5 6 7 8 910 X in cyanobacteria and has been reported for nine filamentous and two unicellular cyanobacteria (17) . The a For restriction endonuclease abbreviations, see the legend to Fig. 2 . b WH7802 showed a 3.9-kb band instead of a 10-kb band.
c Incomplete restriction endonuclease digestion of WH7802 and WH8110 DNAs. d WH7802 showed an additional 9-kb band. e WH7803 showed an additional 4.8-kb band. f WH8018 showed an additional 12-kb band. g WH8018 showed an additional 4.5-kb band. h Doublet.
'ND, Not determined.
than the main hybridizing bands, they may represent partial digestion products. In other cases, they probably indicate minor variations in the gene sequences being probed. The choice of the probe is important for determining RFLPs. The gene should be well conserved so that signal detection on autoradiograms is easy; clearly, it must also be represented in the genomes of the organisms being studied. Hence, rRNA genes (a universal component of all genomes) and genes involved in photosynthetic function, such as psbA, rbcL, cpcABC, cpeA, cpeB, etc., wer(. used in this study. Genes such as nifKDH (nitrogen fixation) from Rhizobium meliloti (3) and Anabaena strain 7120 (21, 27) , which do not have homologs in marine Synechococcus strains WH5701, WH7805, and WH7803 (S. E. Douglas and T. Platt, unpublished data), are of no value. The probes used in this study were derived from organisms as evolutionarily closely related to the strains being investigated as possible, if not from the isolates themselves. The greater the sequence similarity between probe DNA and that of the organism in question, the better.
The phycobiliprotein complement of the marine isolates is quite varied ( Table 1 ). Synechococcus spp. make up one of the two major groups of marine cyanobacteria. The other group, much less widely distributed, is composed of oscillatorians (such as Trichodesmium spp.), which are filamentous and nitrogen fixing. In contrast, Synechococcus spp. are small unicells and fall into two groups. Those which lack phycoerythrin (typified by WH5701 and WH8101) are isolated from coastal and continental shelf margins and are never found in open oceans, where the spectral characteristics of their phycobiliprotein complement would put them at a disadvantage. Members of the group containing phycoerythrin are generally found in the euphotic zone of coastal and oceanic waters and have elevated salt requirements. Their phycoerythrin may be one of several different spectral forms, depending on the presence and proportions of PUB and phycoerythrobilin, the two chromophores (1) . The diversity of pigmentation types exhibited by marine Synechococcus isolates is greater than that of all of the other groups of cyanobacteria and in almost all of the Rhodophyta (11) . The result of probing with the cpeB gene from strain WH7803 clearly groups the marine isolates into at least four clusters and shows them to be quite different from the Rhodophyta and Cryptomonas (D. Strains WH7802 and WH7803, which have very similar bilin chromophore contents (Table 1) , cluster together, and of the four strains which do not contain PUB, three cluster together. None of the marine Synechococcus spp. shared any RFLPs with the eucaryotic algae. The divergence of the genomes from these two major groups is too large to be analyzed by the RFLP method, and thus the endoysmbiont hypothesis can be neither confirmed nor contradicted. Probing with the cpc ABC gene from Agmenellum quadruplicatum gave more complex patterns, probably because the probe detected members of the multigene phycocyanin-allophycocyaninallophycocyanin B family. This reinforces the point that probes must be chosen cautiously and preferably represent single-copy genes.
The G+C contents of the phycoerythrin-containing isolates studied is quite variable (55.8 to 61.3%) ( Table 1 ). This is almost as wide a diversity as in the 27 isolates analyzed by Waterbury et al. (35) (54.9 to 65.8%). Although closely related organisms share similar base ratios, organisms with similar base ratios are not necessarily closely related, since this index gives no measure of genomic structure and gene arrangement. The three isolates which cluster together on the basis of RFLP data (WH7805, WH8008, and WH8018) have dissimilar G+C ratios. The linear arrangement of DNA which was probed was almost identical, but the differences in base ratio implies insertion or deletion of G+C-rich DNA, drift in noncoding "junk" DNA, or the presence or absence of "selfish" DNA elsewhere in the genome (in regions distant from the probed genes).
Morphologically, marine Synechococcus strains are all mainly coccoid cells from 0.6 to 1.6 p,m in diameter. Under various culture conditions, they may assume a more ovoid or rod-shaped form (35) . Thus, size and shape cannot be used as a means of grouping them. Strains WH7802 and WH7803, however, have a highly structured outer envelope (16, 35) . It is worth noting that these two organisms were also isolated from the same geographical location and appear to be closely related by RFLP studies. Most strains are not motile, but recently six strains capable of swimming motility have been isolated (36) . None of these swimming strains were included in this study, and it would be of interest to know whether these motile strains all cluster together by RFLP analysis or fall into one of the other clusters. This type of investigation has great potential to be extended to the field to assess the species contents of natural populations collected from the ocean, since the use of radiotracers allows detection of characteristic RFLPs in small amounts of material. Given adequate means of sampling large volumes of water containing natural populations, organisms may be fingerprinted by their RFLP patterns and the presence of their fingerprints can be detected.
In conclusion, although physiological characteristics and RFLP data are insufficient criteria for species assignment, FIG. 4. Rehybridization of nylon membranes. DNA from Synechococcus strain WH8110 was hybridized successively with cpeB (a), rbcL (b), psbA (c), and rRNA (d) gene probes. The endonucleases and markers used were the same as in Fig. 3. clear relationships have been demonstrated among the marine Synechococcus isolates studied here. A considerable degree of relatedness exists between open-ocean Synechococcus species isolated from widely different areas, and these differ clearly from other Synechococcus species examined. Further studies on the remaining isolates would give a more accurate assessment of the degree of genetic relatedness of this important group of marine microbes.
